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STEING, 


From our range of Firebricks, High Alumina Bricks and 


Basic Bricks we are in a position to supply the correct type 
of refractory to suit all zones in Rotary Cement Kilns and 
also in Cement Coolers. Made in modern plants under care- 
fully controlled conditions, all our refractory products 
possess the necessary properties for long and dependable life. 


Preheating and Intermediate Zones — Thistle, 

Nettle and Stein 50 Firebricks 

Copies of our Pamphlets Nos. 1 
and 2 will be gladly sent on 
request. 


Burning Zone — Stein 63 and Stein 70 High 
Alumina Bricks and Stein Mag C Magnesite 
Chrome Brick 


Cooling Zone — Nettle and Stein 50 Firebricks 


JOHN G. STEIN & €° L' Bonnybridge. Scotland 


TEL : BANKNOCK 255 (3 LINES) 
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The comprehensive range of grinding media supplied by us and our unique 
experience in the cement industry in practically every country of the 
world enable us to give expert advice and to supply a type of 
grinding media that will provide the answer to any grinding problem. 


HE LDF D S LTD siweuucerenzen 
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GLE MACHINE oRAC 
a Si 


We specialise in complete Kiln Firing Plants 
or in unit machines including Central- 
shaft Ball Mills, Trunnion Ball Mills, Ring 
Roll Mills, etc. We are prepared to supply 
to anywhere in the world. 


Also Mechanical Handling Equipment, 
Pulverised Fuel Installations, Crushing, 
Grinding, Air Separating, Drying Plants, 


TD. 
TED 
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A SPECIAL FAN WHEEL 
68-iIns. DIAMETER FOR 
KILN FIRING. 


DAVIDSON & CoO., 
SIROCCO ENGINEERING WORKS 


LONDOR, MANCHESTER, LEEDS, CARDIFF, BIRMINGHAM, 


NEWCASTLE, 


CEMENT AND LIME MANUFACTURE 


“SIROCCO” PRODUCTS 


FOR THE 


CEMENT INDUSTRY 


INCLUDE: 


Mechanical Draft Fans 
and “‘Davidson’’ Flue Dust 
Collectors; “Sirocco” 
Coal Firing Fans and 
“Davidson” Dust 
Collectors; “Sirocco” 
Fans for Cool Air Supply 
to Kiln Firing Pipes; 
“*Sirocco’’ and “‘ Aeroto”” 
(trade mark) Fans for 
Ventilation and Dust 


Extraction, etc. 


LIMITED 
BELFAST 


GLASGOW, OUBLIN 
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A new edition of “ Modern Dust 
Collection and Fume Removal ” is avail- 
able. In this well-illustrated booklet 
Dust Collection and Fume Removal are 
fully dealt with. Examples are also 
given of effective methods of controlling 
airborne dust in various industries. 

By the installation of “‘ Visco” Dust 
Collectors, outputs have been increased, 
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E/ 


The solution 
to your Dust 
Problem is in 


this brochure 


CO 


TE 


costs reduced and buildings and sur- 
roundings freed from dust. Cement, 
lime, carbon, oxides, coal, silica, are but 
a few of the materials recovered by 
* Visco ” Collectors. 

Instances are also illustrated of the 
elimination of noxious fumes from steel, 
chemical, and other works by “ Visco” 
Fume Removal Plant. 


Ask for List No. 532. 


Phones : CROydon 4181/4. 


VISCO ENGINEERING CO.LTD. STAFFORD RD. CROYDON 
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WEARING 


PARTS 

FOR 
CRUSHING 
MACHINERY 


Write for 
Brochure No. 496. 


HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND. 





Alite - Alumina - Refractoriness 
No. I. 69-72% . . CONE 37-38 
B. I. 62-64% . . 36 
B. 57-59% . . 36 
D. 39-42% . . 33 


REFRACTORIES for 
CEMENT & LIME WORKS 


High Temperature Insulating a. 
‘PEER” Air-Setting Refractory Cemen 
“R”’ Quality Firebriek for lower temperature work and awe to abrasion 


_E. J. & J. PEARSON LTD. | 


STOURBRIDGE, ENGLAND 


er 
FANS SECONDARY AIR 
SEANAD 5, SLINKER COOLING 


DUST REMOVAL 
KILN COAL FIRING 
SACK CLEANING 
CONVEYING 
BOILER DRAUGHT 
= VENTILATING, ete. 
WRITE FOR BOOKLET No. 20/31 


“KEITH-BLACKMAN” 


KEITH BLACKMAN ost MILL MEA ae ca LONDON, N.!7. 
HAM 4522. T.A.: “KEITHBLAC, NORPHONE, LONDON.” 

Ané at MANCH wanna; BIRMINGHAM, LEEDS, NEWCAST' sseneren, @Lasaow, panatben. CARDIFF, ond BELT AST 

iia 
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AON eANROR INANE LCN CRT Ce AAOe A tnecent encom 


4 The installation of additional gear generating 
plant for bevel gears up to /4 ft. diameter, 
enables us to offer attractive deliveries. 


We shall be pleased to quote for complete 
gears, complete machining, or the cutting of 
teeth in customers’ fully machined blanks. 


We welcome your enquiries, which should be 
accompanied by detailed drawings. 


THE 


DAVID BROWN 


CORPORATION (SALES)\ LIMITED 
JACKSON DIVISION, 


SALFORD WORKS. HAMPSON STREET 
MANCHESTER 5 
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The amount of air penetrating the bed 
of the FOLAX GRATE COOLER can be 
adjusted independently of the amount 
of air required for the burning in the 
kiln, and the cooler and kiln speeds 
are independent of one another. 


Other features are efficient heat re- 
cuperation, air quenching, effective 
cooling permitting immediate grinding, 
low head room, low power consump- 
tion and small maintenance cost. 


The FOLEX GRATE COOLER—the cooler with horizontal grate and positive 


conveying of the clinker—is supplied by : 


FL SMIDTH C0. o 


105, PICCADILLY, LONDON, W.1I. 


TELEPHONE: GROSVENOR 4100 (17 lines). 
TELEGRAMS: FOLASMIDTH, TELEX, LONDON. 
CABLEGRAMS: FOLASMIDTH, LONDON. 
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Heat Consumption of Rotary Kilns. 


In ‘“ Zement-Kalk-Gips ’”’ for July, 1953, H. Eigen gives equations for the heat 
consumption of rotary kilns. The following is a summary of the article. 

A pulverised coal (volatile content 19 per cent.) fired with 5 per cent. of 
excess air produced 8-468 cubic metres (at standard temperature and pressure) of 
flue gases per kilogramme of coal. Its calorific value was 7,279 kilocalories per 
kilogramme. Hence 8-468/7279 = 0-0011633 m (at standard temperature and 
pressure) of moist combustion gases, including excess air, are formed for each 
kilocalorie of potential heat of the coal. In the calcining, sintering, and cooling 
zones of a rotary kiln using this coal, the heat removed comprised the following— 

(x) Useful heat (clinker burning) in kcal. per kg. of clinker: dissociation of 
MgCO3, — 11; dissociation of CaCO3, — 503; conversion of metakaolin, + 11 ; 
clinker formation, + 104 ; sintering fusion, — 5 ; total — 404. 

(2) Total wall loss, W, kcal. per kg. of clinker externally and from zone to 
zone. 

(3) Heat removed in the clinker, K kcal. per kg. of clinker, determined by the 
exit temperature of the air-cooled clinker and its mean specific heat. 

(4) Dust loss, assumed to be 20 kcal. per kg. of clinker. 

(5) Carbonate CO,.—o0-397 m* CO, (at standard temperature and pressure) 
is liberated per kg. of CaO. The clinker contains 68-5 per cent. of CaO (including 
MgO) ; thus 0-272 m® (at standard temperature and pressure) carbonate—CO, 
is produced per kg. of clinker and this falls to ¢ deg C. passing from the zone. 
The heat expenditure is 0-272 x ¢ x C; kcal. per kg. of clinker (C; is the mean 
specific heat of CO, over the temperature range). 

(6) Combustion gases with excess air. 0-0011633 m’ (standard temperature 
and pressure) passes from the zone per kcal. of potential heat. The heat removed is 


(1) 


B 
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00011633 x xt xC, kcal. per kg. of clinker (C, is the mean specific heat of the 
moist gaseous mixture in kcal. per m® per deg. C. at standard temperature and 
pressures. For the significance of x see later. 

The heat input is made up as follows (the calcining zone begins at 550 deg. C.). 

(x) Heat of dried raw material. 1-55 kg. of dried raw material without water 
of hydration of clay mineral, produces 1 kg. of clinker. Its specific heat is 0-253 kcal. 
per kg. Hence the heat of the diied raw material is 1-55 * 550 X 0°253 = 216 
kcal. per kg. of clinker. 

(2) Heat of carrier air, L kcal. per kg. of clinker. 

(3) Let the heat from the combustion be x kcal. per kg. of clinker, referred to 
as the “ heat consumption,” then the heat balance of the system is 

404 + W,+ K + 20 + (0°:272 x # X C,) + 0-0011633 (x x ¢ X Cy) 
=216+L+4+4%. 
Thus the heat consumption in kcal. per kg. of clinker x is 
208 + (0:272t x C,) + (W, + K — L) 
1000 — 0:0011633 ¢ C, 
The loss of the system V is (W, + K — L). 
I 

1000 — (0:0011633 ¢ x C,) 
The “ primary heat consumption ” G is m(208 + 0-272 ¢ C;,). 
This leads to the simple linear equation x = G+ mV in which the heat 


The “ loss coefficient ’’ m is 


consumption in kcal. per kg. of clinker is expressible in terms of a “ primary heat 
consumption ”’ G and the product of the “ heat loss ” V and the “‘ loss coefficient ”’ 
m. The temperature ¢ is that at which the gases pass from the zone. 

Curves of G and m show accelerating increase with increase in temperature. 
The difference in temperature of the gas and the charge at the border of the 
zone is (¢ — 550)° C. For each such temperature difference, x can be found if V 
is known. 


In the author’s experience the normal daily heat generation of a kiln of internal 
diameter D, metres is Q = 69,000,000 D;* kcal. Regarding this as the daily heat 
for a “‘ heat generation factor ’’ of 100 per cent., then for a similar factor of b per 
cent. the generation in kcal. per kiln-day is @ = 690,000 bD,?. 

When 0-0011633 m* (at standard temperature and pressure) of moist com- 
bustion gases, including excess air, is formed per kcal. of potential heat of the 
fuel, and with b = roo per cent., the mean gas velocity is 8-6 metres per second 
with a mean gas temperature of 1700 deg. C. If dis increased, high gas velocities 
result in increased mixing of high-grade and low-grade heat ; this is of less conse- 
quence with waste-heat recovery, and with slurry kilns where the heat required 
in the drying zone is so great that some high-grade heat must be used there in 
any case. In such cases b can be raised to 200 per cent. with increase in the dia- 
meter of the flame zone. 


eer 


The clinker output of the kiln in metric tons per day, E, is = 
1000 x 
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690 b D;? where x is the heat consumption in kcal. per kg. of clinker without 
x 
considering waste-heat recovery. Increase of kiln output may therefore be 
achieved by reducing x, by enlarging D; and by increasing 3), if this can be done 
as well. Enlarging D, not only increases D,? but decreases x, bearing in mind 
the effect of the product m V. 
b is a criterion of the heat generated in unit time per unit cross-sectional 
area of the flame zone expressed as a percentage of the normal figure. For all 
Ex 
690 D;?* 
Based on an ideal basic value of x = 750 kcal. per kg. of clinker, a ‘‘ production 


rotary kilns b = 


factor ’’ can be defined as / = me b. Thus E = 0-92D,7l. 1 is a complete pro- 


duction characteristic, dependent on firing output per unit area of flame zone 
of the cross-section and utilization of combustion heat. Typical values of / 
for widely differing types and sizes of kilns vary from 22 per cent. to 54 per cent. 


New Cement Works in Canada. 
It is reported in the U.S.A. journal “ Pit and Quarry ”’ for September, 1953, that 
construction has recently been started of a new Portland cement works at Ville- 
neuve, near Quebec City, Quebec. The new works will have a capacity of 250,000 
tons annually and production is expected to begin in the autumn of 1955. The 
works, which will cost 12,000,000 dollars, are being built for the St. Lawrence 
Cement Co., who are associated with Holderbank A.G. of Switzerland. 


Tax Concessions for the Cement Industry in Brazil. 


It is reported that the Brazilian government has decided to grant an exemption 
from import duties and related taxes for five years to new and existing cement 
makers. The intention is to attract foreign and Brazilian investment to stimulate 
expansion of the cement industry. 


The Spanish Cement Industry. 

A REPORT on the cement industry in Spain for the year 1952 states that the in- 
dustry had continued its upward trend though at a somewhat slower rate than in 
the previous two years. The cement works of the Hydrographic Confederation 
Board of the Guadalquivir was ready to start production, as also were the 
Abofio, Hontoria, and other works. Extensions had been completed, among others, 
by the Alfa, Morata de Jalon, and Rezola companies, whilst the Valenciana 
company’s works at Buiiol and San Vicente had installed new kilns and other 
equipment. Many works were using fuel oil instead of coal. The output of clinker 
was 2,308,022 tons, an increase of 126,352 tons over the year 1951 ; this was about 
72 per cent. of capacity. Production of Portland cement was 2,275,849 tons, an 
increase of 144,680. 
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Properties of Some Masonry Cements 


SEVENTEEN brands of masonry cement made in the U.S.A. have recently been 
tested at the U.S.A. National Bureau of Standards. A report of the tests by Mr. 
Evans, Mr. Litvin, Mr. Figlia and Mr. Braine was given in the Journal of Research 
of the National Bureau of Standards for July, 1953, and is summarized in the fol- 
lowing. 

The specific gravity of the cements varied between 2-72 and 2-94, which is 
appreciably lower than the specific gravity of 3-15 of Portland cement. The residue 
retained on a No. 200 sieve was from 0 to 17°5 per cent., and on a No. 325 sieve 
from o to 24:2 per cent. The fineness as determined by the air-permeability 
apparatus was from 5360 sq. cm. to 9730 sq. cm. per gramme. There was no re- 
lation between the fineness and other properties of the cements. All the cements 
attained final set within 24 hours. The compressive strengths of 2-in. cubes of a 
I: 3 cement and sand mixture proportioned by weight were from 370 lb. to 
1980 lb. per square inch at seven days, and from 590 lb. to 2810 Ib. per square 
inch at 28 days. Twelve of the cements with a Portland cement base had strengths 
at seven days from 1000 Ib. to 1830 lb. per square inch, and at 28 days from 1280 
lb. to 2870 lb. per square inch. The average strengths of mortars proportioned 
by weight were greater than those of mortars proportioned by volume. Strengths 
at one year were appreciably greater both for cubes stored in air and for those 
stored in water. The water-repellency values for the mortars proportioned by 
weight were from 0-26 to 0-70 and from 0-32 to 0-76 for mortars proportioned by 
volume. (The water-repellency value as defined in the U.S.A. Federal Specification 
is the ratio of the absorption of water by a cube at an age of one hour to that at 
an age of 24 hours, and this ratio must not exceed 0-9.) Of the mortars proportioned 
by weight only one had a water-retention of less than 65 per cent., and of those 
proportioned by volume four had water-retention values less than 65 per cent. 
The shrinkage of bars of mortar, of a I : 3 mixture proportioned by volume, was 
from 0-075 to 0-16 per cent. at 60 days ; about three-quarters of the shrinkage 
took place in one week. The expansion of neat cement prisms, tested in an auto- 
clave at an age of 48 hours, was from 0-03 to 6-2 per cent. 

Of the cements tested it is believed that two were mostly natural cement, 
one contained some natural cement, one was a slag cement, one a mixture of 
Portland cement and lime, and the others were mixtures of Portland cement and 
limestone. 


Proposed New Cement Works in Turkey. 


IT is reported that the Sumer Bank, the Is Bank, the Emlak Kredi Bank, and 
the Ankara Cimento Sanayi Sirketi have formed a company, with a capital of 
50 million pounds (Turkish), for the purpose of building fifteen new cement works. 
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The Passage of Solids Through Rotary Kilns. 


A METHOD of calculating the time taken for solid material to pass through a rotary 
kiln has been given by Mr. W. C. Saeman in the U.S.A. journal ‘‘ Chemical 
Engineering Progress.”” The method may be applied to kilns with constrictions and 
to tapering kilns. Results obtained from the analysis are compared with experi- 
mentally observed values quoted in the papers mentioned at the end of the article, 
of which the following is an abstract. 


Geometrical Analysis. 


The path that a particle follows through a rotary kiln was described in detail 
by Sullivan and others*, who found that the position of a particle in the bed of 
material in a kiln remains stationary with respect to the kiln until it reaches a 
position close to the surface of the bed, and then cascades along the surface of the 
bed so as to progress a short distance axially through the kiln and comes to rest 


RADIUS OF PATH (r) 
MINIMUM RADIUS IN BEO(r,) 
KILN RADIUS(R) 


CASCADING LAYER 
OF MATERIAL 


Fig. 1.—Cross Section of Rotary Kiln 
showing Paths followed by Particles. 


at a lower position ; the cycle is then repeated. The paths a particle may follow, 
based on this observation, are illustrated by Fig. 1. Each path may be designated 
by the radius of the path and, as will be shown, the rate at which a particle pro- 
gresses through the kiln (the axial transport velocity) is dependent on the radius of 
the path followed and on several measurable quantities that are characteristic 
of the kiln and of the material. A particle does not generally follow the same path 
in successive cascades ; but, considering the average behaviour of all particles, 
the variations in paths of each particle will be of no significance since all the 
possible paths are followed constantly by the same number of particles. 

The axial distance travelled by a particle per cascade may be related to the 
radius of the path and to measurable variables as shown in Fig. 2, which represents 
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a section of a rotating kiln between planes that cut the axis of the kiln perpendic- 
ularly through points O and O’. The kiln slopes downward from left to right, 
and the depth of the bed decreases in the same direction. Line AF is the inter- 
section of the surface of the bed with plane O, and A’F’ is the intersection of that 
surface with plane O’. Points C and C’ are the midpoints of AF and A’F respectively. 
The part of the kiln shown is such that line AC’, which lies on the surface of the 
bed, is horizontal. The derivations that follow are based on the postulate that 
particles cascading down the surface of the bed under the action of gravity will 
cascade in a direction perpendicular to line AC’. The particle considered is one 
that cascades along line DA in the plane of the surface of the bed and perpen- 
dicular to AC’. Point D, which is on CC’ extended, is the midpoint of this particle’s 


e- nN 
xin nent w ¥ 


Fig. 2. 


cascade if it is assumed that the particle cascades from one side of the kiln to the 
other. The path of this particle may be designated by the radius OR of the kiln. 
However, similar geometric constructions apply to particles with paths of any 
radius 7 ; a particle with a path corresponding to the radius of the kiln was chosen 
only to simplify Fig. 2. 

One-half of the axial distance travelled by the particle per cascade is represented 
by DC. From trigonometry we have : 

ieee ee ee 
CC’ 

CC’ is not a directly measurable quantity ; however, it may be related to measur- 
able quantities as shown in the following. 


In Fig. 2, line A’F’ was projected on to plane O as line A’’F’”’. Point C’’ is the 
midpoint of A’’F” and consequently coincides with projection of point C’ on to 
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plane O, and line C’C”’ is parallel to the axis of the kiln. Line AB” is the inter- 
section of plane O with a horizontal plane through the horizontal line AC’ pre- 
viously described. The angle between this horizontal plane and the surface of the 
material is the angle of repose of the material. In Fig. 2 this angle is equal to the 
angle between line AD and the horizontal plane and is about equal to @, which is 
the angle CAB”. Point B” lies in a vertical plane through line C’C”; thus angle 
C’’C’B” represents the angle of the axis of the kiln with the horizontal and is equal 
to the slope of the kiln. The anglé CC’C”’ is the angle between the surface of the 
bed and the axis of the kiln measured in a plane perpendicular to the surface 
of the bed. 

Returning to the problem of relating CC’ to measurable variables, the passage 
of a vertical plane through line CC’ gives intersections that form triangle CC’B 
and, from the law of sines, 

CC i ee a en ee ee 
sin CC’B 
Further consideration of the figure shows that CB = AC sin @. Also, since angle 
CBC’ is nearly a right-angle, sin CBC’ is approximately 1. Thus (2) may be re- 
written 
OG sc ae Ogee ee 
sin CC’B 

Since angle CC’B is of the same magnitude as the slope of the kiln, and is 
therefore generally small, sin CC’B = angle CC’B’”’. The projection of triangle 
CC’B on to the vertical plane through C’C” gives triangle EC’B” which, since 
angle BC’B” is generally small, is similar to triangle CC’B. Thus sin CC’B = angle 
EC’B”, and (3) may be rewritten 

OOF a Mi MT ee ee ee 


angle EC’B tan EC’C”. 


From Fig. 2, angle CC’’E = 6; therefore cos 8 = cos CC”E = Fan COC Since 


angles EC’C” and CC’C” are generally small, tan EC’C’ = angle EC’C” and 
tan CC’'C” = CC’C”. 

Therefore angle EC’C’”’ = cos @ angle CC’C”’ - Wi <6 
Angle EC’C” in (5) plus angle C’C’B” is equal to angle EC’ B” in in (4). The latter 
equation may therefore be written, 

CC’ = AC sin @ <1 "Se 
angle C’’C’B” + cos 6 angle CC’C” 
Substitution of this expression for CC’ in (1) gives, 
AC (angle C’’C’B” + cos @ angle CC’C’’) 
ee ee 


For the axial distance of transport per cascade the following expression may then 


be obtained 
sig RS ot 0 Se ee 
sin 0 
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where x, is the axial distance of travel of a particle per cascade (x, = 2DC), 
cis the length of the chord at the surface of the bed (c = 2AC), dis the slope of the 
kiln (angle C’’C’B”), in radians, % is the angle between the surface of the material 
and the axis of the kiln (angle CC’C”), in radians, and @ is the angle of repose of 
the material (approximately). 

The average velocity of a particle for a specific path in the kiln is equal to ° 
the product of the displacement of the particle for a single cascade and the number 
of cascades per unit of time. The number of cascades per unit of time is equal 
to the product of the speed in revolutions per unit of time and the number of 
cascades per revolution. The number of cascades per revolution may be expressed 


(8) 


where N is the number of cascades per revolution and 7 is the radius of the path of 
the particle in the bed (Fig. 1). The product of (7), (8), and the speed of the kiln 
gives the average velocity ; thus 


ae (t + cos ' | ok | 


| sin | ih 54 a oo ee 


sin 0 


where u is the average axial velocity of a single particle and » is the speed of the 
kiln. 


Application to Lightly-loaded Kilns. 


For lightly-loaded kilns the angle sin~? ~ < is approximately equal to the ratio = 
Using this approximation in (9) gives 


u = 2nrNn (et seee) m4 er ni .. (10) 
sin 0 
The length of the kiln divided by u gives the time of passage ; thus 


f we clic 4 ig . 


arn (d + cos 8) 
where ¢ is the average time of passage of a single particle and L is the length of 
the kiln. 

Lightly-loaded kilns usually operate with a uniform depth of bed along their 
length, and the effects of non-uniformity such as result from drooping at the dis- 
charge end are small and can be neglected. For cases of this kind, the angle ¢ in 
(I) is zero and the time of passage of a particle following a path of radius 7 is 

t= _Lsin@ = : ws «+ (ta) 

arrng 
For a lightly-loaded kiln, the effective average radius of the paths of the particles 
closely approaches the radius R of the kiln, which may therefore be substituted 
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for yin (12). With this substitution (12) corresponds closely to the basic empirical 

formula of Sullivan and others(*) for lightly-loaded kilns ; their equation is 
t= E77 (0")' gee gen ere 

2Rn¢° 

where ¢ is the time of passage through kiln in minutes, L is the length of kiln in 
feet, 6° is the angle of repose of the material in degrees, R is the radius of the kiln 
in feet, is the speed of the kiln (revolutions per minute) and ¢ is the slope of the 
kiln in degrees. The difference in the functional form of @ in (12) and (13) does 
not have a pronounced effect, as @ normally varies only between 35 deg. and 45 deg. 
The similarity of (12) and (13) is seen by considering the case where @ is 40 deg. 


The time of passage based on the empirical equation is ¢ = aR . This compare 
closely with the time of passage calculated from the theoretically-derived equation 


a ee Since the empirical formula of Sullivan and others summarises most 


of their experimental data for lightly-loaded kilns, the agreement between the 
empirical and theoretical relations is a confirmation of the validity of the theor- 
etical analysis. 


Extension of Relations for Heavily-Loaded Kilns. 

For relatively heavy loads the approximation sin~? = = in (10) is no longer 
valid. However (g) may be extended to apply to kilns with heavy loads and with 
variable depths of bed. 

Equation (9) expresses the rate of travel of a particle as a function of the radius 
of the path of the particle. This equation can be transformed to a volumetric 
basis by multiplying each side by the increment of area associated with the path r. 
The increment of this area is 


dA =r sin“ dr ye is ‘a: 


Multiplying (9) by (14) gives AR cae oN 
aan 
udA = ne ae Tis ¢:} | ar sin71 — dr, 
| [Pra | 2r 


sin 6 

¢ + %cos ‘ 

—_———-] dr 
sin 0 


which simplifies to 


(15) 


udA = snr ( 


The length of the chord c may be expressed as a function of the radius of the path by 

c = 2(r? — r,*)* ya S a Jo an 
where 79 is the path in the bed of material having the shortest radius (Fig. 1). 
Substituting (16) in (15) gives 
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udA = 4nn So (r? — x52)! rdr . 
sin 6 

Since the speed of travel and the weight of material associated with each path 

remain unchanged whether or not the material follows the same path consistently 

on successive cascades, the average volumetric rate of travel g may be obtained by 

direct integration of (17) from r = 7, tor = R, or 


4mm ($+ pcos 6 
3 sin 6 


where g is the volumetric rate of travel (that is the unit distance of travel of 
unit volume in unit period of time) in the kiln. 


) ce — nah he 


The path of shortest radius 7, does not coincide exactly with the surface of the 
material but differs by the thickness of the cascading layer which, however, 
is usually negligible. 

The volumetric rate of travel g is related to the average speed of travel at a 
given point in the kiln by 

q 


leg = — Sg ee oe ro! 
A 


where A is the cross-sectional area of the bed. 

For a given 7, either measured or calculated from (18), the cross-sectional 
area of the bed may be calculated or may be obtained from tabulated data(°). 
If the depth of the bed is essentially constant along the length of the kiln, the cross 
section of the bed is constant and the average time of passage of material through 
the kiln is 


LA 
he = i a a » « 420) 
q 


If, however, the cross-sectional area does not remain constant (20) must be written 
in the differential form 
Adx 
q 
from which the total time of passage can be obtained by integration. 
THE MAXIMUM CAPACITY OF A KILN.—The volumetric rate of travel at any 


point as a function of 7) at that point is given by (18). Differentiation of this 
equation with respect to 7 gives 


d 
na cog eae 
dr, sin 6 


dt = (21) 


(R? — 152)'r, .. (22) 


aq. ; pi een 
If = is equated to zero, the resulting equation is satisfied by ry = Rand 7) = 0. 
0 


It is obvious that the solution 7, = R corresponds to the minimum volumetric 
rate of travel, and 7) = 0 corresponds to the maximum rate. This indicates that 
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curacy depends upon the 
plant being reliable. The 
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PRACTICAL BELTMANSHIP ILLUSTRATED 


CARE OF BELTS 
No. I 


“Conservation of Industrial Rubber Products” 
VY 


= OMe 


Economy in the use of industrial belting is obviously essential. But 
this perhaps is not the best way to achieve it. Industrial belting (and 
hose, too) lasts much longer when you know how to take care of it 
properly. Haphazard maintenance only means waste of time and 
money—things that no go-ahead concern can afford. 

The wisest way to conserve industrial rubber products is to ensure perfect, all- 
the-year-round maintenance. This doubles the life 
of equipment, prevents breakdowns and accidents. 
The Goodyear Maintenance Manual is available 
free on request. It tells you all you need to know 
about the installation and upkeep of industrial 
rubber products. It is practical, informed, up-to- 
date, and is based on the wide experience, 
technical research and proved reliability of 
Goodyear’s own industrial rubber experts. You 
can obtain your copy of this very helpful book by 
simply writing to: Dept. V.1, Goodyear Tyre & 

a Rubber Co. (G.B.) Ltd., Wolverhampton. 


GOODSYEAR 


INDUSTRIAL RUBBER PRODUCTS 
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the maximum volumetric rate of travel is obtained by operating with a depth 
of bed equal to the radius of the kiln. 


TIME OF PassAGE WHERE THE DEPTH OF BED Is UNIFORM.—Where the depth 
of the bed is uniform along the length of the kiln, % in (18) is zero, 7) remains 
constant, and the equation can be solved directly. Experimental corroboration 
of this is provided by data for the uniformly-loaded section of a kiln reported by 
Sullivan and others (‘). 


Depths of bed measured by these authors in the uniformly-loaded section of an 
experimental kiln under various operating conditions are given in Table 1, together 
with values calculated for the same conditions by (18). It is seen that for a rate 
of feed of 267 cc. per minute there is close agreement between the measured 
depths and those calculated. For the relatively low rate of 25 cc. per minute, 
the depths calculated are significantly smaller in all cases than those measured 


Table 1. 


Depth of Bed, mm. 
Nominal Feed Rate, 267 cc./mm. Nominal Feed Rate, 25 cc./mm. 


Calculated 
from Measured 
Calculated Time of Calcurated 
from Passage and from 
Measuredt Equation (18) Measuredt Feed Rate Equation (18) 


13.2 
8.0 
6.0 
5.0 


Kiln Slope, 
Degrees 


22.9 


* Experimental data of Sullivan, et al. (4). Kiln was 7 ft. long by 76 mm. radius and was rotated 2.5 
rev./min. Angle of repose of material was 35°. 
Depth measured with kiln in motion. 


directly by Sullivan and others. However, the former are in good agreement 
with the depths calculated from the times of passage and rates of feed measured 
by these authors, which indicates that the time of passage calculated by (18) in 
conjunction with (20) would agree closely with the measured time of passage. 


TIME OF PASSAGE WHERE THE DEPTH oF BED Is NoT UNIFORM.—Non-uniform 
depth of material occurs near the discharge end and above constrictions. Where 
the bed is relatively deep, reliable calculations of time of passage (18) can be 
made only by substituting appropriate values for % (the slope of the bed with 
respect to the axis of the kiln) along the entire length of the kiln. For such cal- 
culations y can be expressed in terms of the variations of 7, along the length of 

dry 


the kiln ; thus % oe Substitution of — for % in (18) gives the differential 


equation 
dry he _3q sin 6 ¢ 


oe ae és <a: 
dx 47n cos 6 (R? — 1,2)? cos 9 


Although the variables in this equation are separable, the solution of the equation 
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is difficult. For the particular case where ¢ = 0 the variables in (23) reduce to the 
standard form for integration 


4 
ree — ryt 4 sin=? FE f(r). 


[cw — dy = 4 (R2 — 728 4 


Using this integral in (23) gives 
47m cos 0 


waa es a 2. 


where C is the constant of integration. This equation can be manipulated to yield 
a solution including the slope ¢, but the work becomes more tedious than the 
solution to-this problem warrants, since the applicability of (23) becomes more 
questionable due to the approximations involved in the derivation as the value 
of os becomes large. At the discharge end, where drooping in the bed reaches its 
maximum value, the inclination of the surface relative to the horizontal will not 
exceed the angle of repose of the material. This limitation establishes the contour 
of the surface of the material independently of (23). In the final solution the values 
of 7, from (23) should merge smoothly with the limiting value at the end of the kiln, 
which is equal to the angle of repose reduced by an amount equal to the slope of 
the kiln (f = 6 — ¢). This can be conveniently done by graphical methods. 
Other approximate solutions can readily be obtained by series approximation, 
or by numerical integration using appropriate interpolation formulae. 


The validity of (23) was checked against the data of Sullivan and others 
where there were large drooping effects in the material. In making this check, 
the interpolation-formula method was used for integrating (23) as follows. Equa- 
tion (23) was represented in general form as 


one a 
i. F (nm) i ‘ie 4 i 


where F (79) is an appropriate interpolation function so that JF (79) can be readily 
evaluated. Interpolation functions F (79) were then obtained by plotting values of 


the reciprocal of oe calculated from (23), using 7) as shown in Fig. 3 and drawing 


curves through the plotted points, and then approximating these curves by 
arbitrary algebraic functions which could be easily integrated. The specific 
functions with the limits of validity for the function used for a kiln with a slope of 
I deg. were 


<n : (0 <ro<45 mm.) _—..,_ (26) 


dx 77 — 12°5% 


; —__1____(45 mm. <r,<75 mm.) (27) 
2°5 + 2(7°5 — 1%)? 
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for HOT ZONE LININGS 
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Thermal Conductivity B.T.U.’s/Sq. ft./hr./1°F./1” 
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1600°C. and reaches 2.56% deformation after 1 hour 
at 1600°C. 


Stability and Durability During Service 

The chemical constitution of this brick is carefully 
balanced to resist abrasion and to facilitate the forma- 
tion of a firm clinker coating during service. 


Stock Sizes To fit any Rotary Kiln Lining from 8—19 
diameter. 


Address all enquiries to: 
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manhole doors and frames. 
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castings for many applications 


in gas works, shot blasting, 
coke crushing, mining 
machinery, etc. 
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The equation used for a slope of 2 deg. was 


(25<7° <75 mm.) .. (28) 
dx 
ph oe 
% — 2°5 
Equations (26) to (28) were then integrated to give expressions for the depth 
of the bed as a function of the position in the kiln. Curves representing the in- 
tegrated equations are shown in Fig. 4, together with the observed values of the 


60 


CURVES "A"AND "BARE FOR I® 
KILN SLOPE ANO ARE PLOTS 
OF RECIPROCALS OF EQUATIONS 
(26) ANO@7)RESPECTIVELY. __ 
CURVE "C" IS FOR 2°KILN SLOPE, 
ANO IS A_PLOT 3 RECIPROCAL 
OF EQUATION (28). 

INTS SH RE CALCULAT 
FROM oe fOr CN am £D 
CONSTANTS WERE: 


L=7FT, R =76MM. 
=240'CC./MIN. | 
5 RPM. 
5° 


oe 
So 


(R -te), MM. 


DEPTH OF BED IN KILN 


— 
CURVES WERE CALCULATED FROM 
EQUATION@SBY INTERPOLATION 
FUNCTION METHOD (SEE TEXT). 
DATA POINTS REPRESENT 
MEASUREMENTS BY SULLIVAN 
ET AL. (4) 
SEE FIGURE 3 FOR KILN CONSTANTS 
2 


3 5 
OISTANCE FROM FEED ENO OF KILN (X), FT. 


Fig. 4. 
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depth of the bed‘. Although (23) is not valid at the discharge end, where the depth 
of the bed decreases rapidly, it is seen that the length of the section in which this 
rapid decrease occursJs so short that it is of little value to know either the length 
in which it occurs or the value of % over this length. For practical purposes 
7, = R at the discharge end. Inside the kiln 7) approaches tangentially 
the value of r, for uniform depth of bed calculated from (18) when ¥ = 0. For 
practical purposes the difference between the value of 7) obtained from (23) and 
that from (18) for y% = o can be neglected as soon as the two values of 7, agree 
within practical limits, and it may be said that uniform loading is reached at that 
point in the kiln. The value of R — 7, calculated for uniform loading for the slope 
of 2 deg. shown in Fig. 4 is 52 mm., which is only slightly greater than the value 
of 48 mm. at the feed end ; this indicates that uniform loading was almost reached. 
It was shown earlier that the maximum capacity of the kiln is reached with a 
depth of bed equal to the radius of the kiln. The capacity for uniform loading 
used by Sullivan and others calculated from (18) for a slope of 1 deg. is 142 cc. 
per minute. The rate used (240 cc. per minute) was actually in excess of this, 
which means that % must be great enough to give the required rate of travel, 
as is shown by Fig. 4. Since the depth of the bed is extremely sensitive to small 
fluctuations in experimental conditions where it is nearly equal to the radius 
of the kiln, the differences between the observed and calculated values in Fig. 4 
are not considered to be excessively large. 

EFFECT OF THE RATE OF FEED ON THE TIME OF PASSAGE.—The time of passage 
of the material is related to the rate of feed and to the cross-sectional area of the 


bed in (20), in which A and g are mutually dependent on 79. Since = was shown 
: 0 


ike : aA. 
by (22) to diminish as 7) increases, whereas dy, incteases as ro decreases, increases 
0 


in q should result in increases in the time of passage and these increases should be 
more pronounced at relatively high rates of feed. 


Only slight effects on the time of passage by the rate of feeding were indicated 
by data*. Comparison of the effects indicated by these data with the effects 
calculated for the same conditions by use of the equations is shown in Fig. 5, in 
which there is reasonably close agreement between the observed values of the time 
of passage for various rates of feeding and values calculated from (23), including 
a correction for drooping of the bed. On the other hand, calculation of time of 
passage through the experimental kiln, assuming uniform loading, results in a 
curve (Fig. 5) that shows a relatively large effect of the rate of feed on the time of 
passage. It is evident, therefore, that the conditions of the experiment by Sullivan 
and others were such that the effect of drooping of the depth of the bed largely 


counteracted the effect of the rate of feed on the time of passage. It is expected 
that, with a relatively long kiln, the effect of drooping on the time of passage 


would be less and the relative effect of the rate of feed would be greater than the 
effects noted in the experimental kiln of the authors mentioned. 


TIME OF PASSAGE THROUGH KILNS WITH CONSTRICTIONS.—For rotary kilns 
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“operating under steady conditions the volumetric rate of travel g is the same at all 
points along the length of the kiln ; therefore, as is apparent from (21), a constric- 
tion can alter the time of passage only by altering the cross-sectional area of the 
bed over a significant portion of the length of the kiln. 


For thin diaphragm-type constrictions, and where the normal* depth of 
material at the point of the constriction would be less than the height of the 
constriction, the depth of bed immediately above the constriction is about equal 
to the height of the constriction, and gradually decreases above the constriction. 
The value of 79 at the constriction is therefore equal to the radius of the constriction 
and may be used in (23) for the depth of bed above the constriction until uniform 
loading is reached. The depth below a constriction of this type is not affected by 


KILN CONSTANTS: 
L27 FT..R =76MM. 
N=2.5RP.M, @=3° 
@=35° 


WHICH 

FOR 8 

CURVE "8" REPRESENTS EQUATION (20) 

WITH ¥ =0; ASSUMES UNIFORM BED DEPTH. 
ASUREMENTS 


DATA POINTS REPRESENT ME. 
BY SULLIVAN ET AL. (4) 


! 


the constriction, and the time of passage through this section can be calculated 
as for a kiln without constriction. For a thin constriction with a height less than 
the normal depth of bed at the point of constriction, it is obvious that there would 
be no significant effect on the time of passage of material through the kiln since 
neither R not 7p is altered over any appreciable distance. 


A broad type of constriction alters the effective radius of the kiln for a relatively 
large portion of its length ; therefore, the height of this type of constriction 
need not exceed the normal depth of bed to have a significant effect on the time of 
passage. This may be calculated for kilns with such constrictions by applying 
the theoretically-derived equations separately to (a) the section below the con- 
striction, (b) the constricted section, and (c) the section above the constriction. 
Calculation for the section below the constriction may be made as described for 
kilns without constrictions. For the constricted section (21) may be used with R 
equal to the radius of the constriction and with the terminal value of 7) at the 
lower end of the constricted section equal to the smaller of either (a) the radius of 
the constriction, or (b) 7) calculated for the uppermost point in the section below 
the constriction. Calculation of the time of passage through the section above a 





PaGE 16 CEMENT AND LIME MANUFACTURE JANUARY, 1954 


broad constriction may be made using R as the radius of kiln and a terminal value 
of r, at the lower end of the section equal to 7) calculated for the uppermost point 
in the constricted section. This terminal value of 7) exceeds the normal depth of 
bed for this point ; therefore the depth above the constriction will decrease to that 
for uniform loading. 


It is indicated from the analyses that changing the position of a constriction 
should not affect the time of passage so long as the depth of bed above the con- 
striction has a constant value and so long as uniform loading exists below the 
constriction. If the constriction is so close to the feed end that uniform loading is 
not reached above the constriction, the increase in retention time will be less than 
if the constriction were farther down the kiln. If the constriction is so close to 
the discharge end that it interferes with the normal drooping of the material, the 
increase in retention time will be somewhat greater than if it were farther up the 
kiln. 


The complete article, including a numerical example and the application of the 
method to Roto-Louvre dryers, is also given in the October, 1952, number of the 
U.S.A. journal “ Pit and Quarry.” 


*‘‘Normal depth of bed,’’ as used here, refers to the depth of bed that would exist 
without a constriction in the kiln. 


1 Bayard, R. A., Chem. & Met. Eng., 52, 100 (March, 1945). 

2 Gibbs, R., Chem. & Met. Eng., 50, 117 (August, 1943). 

3 Marks, L. S., ‘‘ Mechanical Engineers’ Handbook,”’ 4th ed. McGraw-Hill Book 
Company, New York (1941). 

4 Sullivan, J. D., Maier, C. G., and Ralston, O. C., U. S. Bureau of Mines Technicai 
Papers, 384 (1927). 


Vibrator for Test Cubes 


AT the Building Research Station a vibrator free from harmonics and other 
disturbing motions has been developed for the consolidation of test cubes. A small 
vibrating table has been constructed based on a De Havilland moving-coil non- 
resonant vibiator to give a vertical straight-line motion close to a simple harmonic 
form. The power is 70 watts, and cubes of 2-78-in. sides are used which are com- 
parable with those described in the British Standard for Portland Cement. So 
far the tests have been on mortar only. They indicate that the amplitude may be 
at least as important as acceleration, and that there is an optimum amplitude for a 
given acceleration and also for a particular mixture. With these optimum condi- 
tions the strengths of cubes have been as high as, and in some cases slightly greater 
than, the strengths of corresponding cubes developed by the vertical circular 
motion of the standard mortar-cube vibrating machine. 
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Blue Adamantine blocks and bricks 
are hard-burnt, tough, and offer great 
resistance to abrasive action. They 
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enormous pressure, and are suitable 
for use in the top and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use in the calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
This quality is supplied with a 
content of alumina varied to meet 
the requirements of specific working 
conditions, 


MADE AT THE 


GENERAL REFRACTORIES LTD., 


CHARLES 


N the National interest 

kilns must be kept in 
service for as many hours as 
possible. Time lost in repairs 
must be minimised. The reputation 
achieved by Davison Refractories 
in all parts of the world for over 
one hundred years guarantees their 
thorough dependability. 


These Refractories are supplied in 
shapes to suit any type of construc- 
tion including the Davison tongued 
and grooved system which adds 
considerably to the strength of 
any lining. 


DAVISON 
GENEFAX HOUSE, 


BRANCH 
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LINERS 


that cross the Oceans 


Year after year, for use by the mines of the world, large quantities of Edgar Allen 
manganese steel liners for tube, ball and other mills cross the oceans. The illustration 
above shows a few IMPERIAL AUSTENITIC MANGANESE STEEL LINERS forming 
part of a large order for one of the biggest South American copper mines, the Chile 
Exploration Co.’s plant at Chuquicamata, Chile. Liners in chromium alloy steel of 
special hard-wearing composition are also supplied, as well as many other types of 
castings for mines, such as jaws for crushers and granulators, roll shells, sheave 
wheels, skip wheels, dredger parts, etc., etc. 


Write for the EDGAR ALLEN 
= | | i | 7 
Edgar Allen Steel & | tz OR i eb 


IMPERIAL STEEL WORKS 


Foundry Book. to ne) 
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